Abstract. Friction stir welding (FSW) of aluminium and magnesium alloys face high demands in automotive and aerospace application due to its advanced and lightweight properties. FSW is an emerging solid state joining process in which the material that is being welded does not melt and recast. The main objectives of this project are to perform model updating based on finite element analysis (FEA) and experimental modal analysis (EMA) of dissimilar material of aluminium alloy AL 7075 and magnesium alloy AZ 31B. Modal properties such as natural frequencies, mode shapes are obtained and compared between FEA and EMA. The discrepancies of first five modes natural frequencies are below than 10% and the model updating have been conducted to minimize the error between two methods. This model updating are based on sensitivity analysis in order to make sure which parameters are given more influence in this structural dynamic analysis. Young's modulus and Poisson's ratio both materials are selected in the model updating process. After perform model updating, total average error of the natural frequencies of dissimilar friction stir welding plate is improved significantly.
Introduction
Many industrial fields give much attention which focusing on aluminium and magnesium alloys due to escalating appeal for further fuel-efficient vehicles to deduct the devouring of energy and more environmental friendly [1] [2] . For their practical applications in market production, bonding and welding technologies should be given a colossal attention in addition to consider issues such as alloy design, microstructure control, plastic forming, casting, and surface treatment [3] . Both of these alloys are attractive to be applied in automotive structure for improving energy efficiency, which also leads to lessening the emission of greenhouse affecting gases. In order to ensure these alloys take place in automotive structures, dissimilar joint between magnesium and aluminum alloys is required [4] . Dissimilar metal joining also escalates in demand due to the good mechanical properties through the combination and also gives good corrosion resistance [5] . Joining method chosen is friction stir welding (FSW) which can be describes as a solid-state welding process, relatively novel joining technology, which has caught the interest of many industrial sectors, not only in automotive, but also aeronautic and transportation due to variation of advantages and vivid industrial potential. The process adds new possibilities within component design and allows more economical and environmentally efficient use of materials [6] . It was notified that using Al alloys and Mg alloys can provide distinct weight savings instead of using steel and cast iron [7] .
For this paper, finite element analysis (FEA) method was picked for the purpose of theoretical approach by collective data of natural frequencies and mode shape in order to diagnose basic dynamic structure of plate. FEA involved the utilization of CAD Simulation software to illustrate the plate. Meanwhile for experimental modal analysis (EMA), impact hammer test is conducted to gain the modal properties. In this paper, modal properties are rectified using both methods, FEA and EMA which normal analysis mode in FEA order to select the most reliable model. From result obtained, model updating will be conducted to modify the correlation between experiment and numerical counterparts.
Welding
In industry, application of welding joining method experiences a high demand and become one of the most frequently method chosen for a mass production [8] .
Welding is a fabrication process that is used to join materials together such as metals or thermoplastics in which the materials placed together exactly at the point to be bonded. FSW is being introduced approximately around last decade [9] , is a solid state welding process MATEC Web of Conferences 150, 04004 (2018) https://doi.org/10.1051/matecconf/201815004004 MUCET 2017 that normally used for welding soft materials like aluminium and magnesium alloys and in addition, to dissimilar metals that frequently facing a problem due to the hard in joining by conventional fusion techniques [10] [11] . FSW reveals many advantages such as low distortion and wide chemical tolerance due to the heat input in the process is below the melting point [12] . Besides, the mechanical strength is high due to grain refinement in the heat affected zone (HAZ), low pollutions and low costs [11, 13] .
In order to acquire an excellent result in joining of FSW and good weld quality, tool design if one of the vital criteria that needed to be consider [14] [15] . Tool materials should have good thermal fatigue strength to resist repeated heating and cooling cycles, good fracture toughness to resist the damage during plunging and dwelling, good machinability to ease manufacture of complex features on the shoulder and probe, and have an affordable cost [16] . AISI H13 is a type of steel chosen for fabrication of welding tool in this study due to ease in machinability. Image and dimension of FSW tool can be seen in Figure 1 and Table 1 respectively below. FSW experiment process was conducted by using vertical milling machine. Dissimilar FSW process is carried out by placing the high strength AL 7075 at the retreating side (RS) and by placing the AZ 31B at the advancing side (AS) since if the weaker alloy is located at retreating side (RS), the fabricated weld will become weaker than the weaker alloy is at retreating side (RS) [17] . Figure 2 shows the setup of specimen for FSW. The process parameters which have the greater influence on the tensile strength of dissimilar FSW joints are identified as rotational speed (RS), transverse speed (TS) and tilt angle. It is important in order to produce a high quality joint for FSW process. Welding parameter set up for this study can be referring in Table 2 . 
Finite Element Modeling and Analysis
Finite element analysis (FEA) is a computational system generally used to predict the behavior of structures.
It is mostly valuable to analyze those conditions which cannot be directly studied directly by experimentation, and thus, able to provides valuable information that cannot be obtained in more straight ways [18] . In FEA, normal mode analysis is performed on the finite element model of the dissimilar plate structure in order to obtain the dynamic properties of the structure, which are the natural frequencies, damping ratios and the mode shapes. Elements of dissimilar plates are model in MSC Nastran Patran as shown in Figure 3 . Nominal properties of both structure are tabulated in Table 3 . From the numerical result, the values of natural frequencies and mode shapes of the dissimilar plates are obtained and tabulated in Table 4 below. 
Experimental Modal Analysis
Experimental modal analysis (EMA) or sometimes called as modal testing, is the process of extracting dynamic characteristics of a system, machinery or structure experimentally [19] . Confirmation for the accuracy of a result obtained in finite element analysis is usually validated by EMA [20] [21] [22] . The most regularly used technique of conducting the experiment is by using impact hammer as an actuator, an accelerometer as the sensor and a Fast Fourier Transform (FFT) analyzer to obtain the system Frequency Response Function (FRFs) [23] . Impact hammer test is a method of testing that allows user to acquire natural frequency, damping ratio and mode shapes of test structure. Indeed, this test is simple to implement but it is tough to obtain a consistent results. In this project, free-free boundary condition is set up for the flat plates by placing the specimen on sponge. Roving accelerometer method is chosen, and 36 node points are picked for knocking point. Figure 4 shows how the specimen is placed on the sponge and the accelerometer is placed on 1 st nodes on the specimen. The experiment is set up as shown in Figure 4 . Table 5 below. 
Correlations and Finite Element Model Updating
Correlation of data that was gained through finite element analysis and modal testing are showed in order to analyze the discrepancies existed between those two sets of data. In addition, correlation of data is essential in order to have accurateness estimation on the existing plate model. Table 6 exhibits the correlation of natural frequencies of dissimilar plates structure that was gathered via experimental and numerical (finite element) analysis. Value of discrepancies between those two sets of data was calculated by accepting the value obtained through experiment as the actual value. As illustrated, the percentage of error that exists is significantly high in second and third modes. In order to reduce the existing discrepancies, model updating procedure was implemented on the finite element model of dissimilar plate structure, hence improves the model to have better correlation with the actual structure. There are dual approaches of model updating which are direct method and sensitivity method [19] . Model updating will be performed as an optimization technique and being presented by the structural optimization capability [24] [25] [26] [27] . Several updating parameters which are Young's modulus and Poisson ratio for both materials were considered to be included in model updating procedure. The number of updating parameters was kept to be less than number of modes to be updated in order to avoid ill-conditioning problem in updating procedure. EMA result becomes as the benchmark for the comparison as the results are more reliable based on the FRF and coherence graph while taking results. The objective function for the prediction error in model updating optimization is defined as (1) where � � and � � are the experimental and computational natural frequencies respectively, with W as the real positive weighing factor. The prediction of the modal data is bestowed for detraction in the updating operation. Structural optimization is proven to be an effective algorithm for solving the sensitivity of parameters. 
Conclusions
This study was carried out to correlate the experimental modal data to the data gathered from finite element analysis of a dissimilar plate structure. A finite element model of the plate structure was produced and the percentage of errors between those two sets of data was obtained and the study was furthered into performing model updating procedure in order to reduce the existing percentage of errors. The updating procedure is considered as parameter identification and strikes to improve numerical prediction to be as closely as possible to the actual structure.
  Four parameters were chosen as the updating parameters and correlation was done based on the first five measured natural frequencies. The results of this investigation show that discrepancy is unavoidable when constructing model for a structure because of inaccuracies in parameters assumption and simplification in process of modeling. However, this inconsistency between the prediction model and the actual structure can be improved by carrying out model updating procedure.
It is recommended that further research be undertaken by including the joint element during modeling process. Therefore, procedure of model updating can be carried out at the joint element and joint properties can be chosen as one of the updating parameters. At the end, the updated finite element model structure can possibly exhibit more accurate and reliable numerical prediction model for future research.
